ABSTRACT MERDINGER, EMANUEL (Roosevelt University, Chicago, Ill.), AND EDWARD M. DEVINE, JR. Lipids of Debaryomyces hansenii. J. Bacteriol. 89:1488Bacteriol. 89: -1493Bacteriol. 89: . 1965.-The separation of neutral lipids and phospholipids from the lipid extract of Debaryomyces hansenii NRRL Y-1448 was accomplished by using a single column packed with silicic acid. The neutral lipids comprised 67%, and the phospholipids 33%, of the total lipid extract. Qualitative and quantitative characterization of the lipids was effected by various analytical procedures. Gas chromatography of the fatty acid methyl esters showed 11 acids, of which 59.7% were unsaturated. The most abundant among the unsaturated acids was the monounsaturated C18 acid (50.1%). Among the saturated acids, palmitic acid (23.5%) prevailed. Ratios of fatty acid to glycerol, phosphorus to glycerol, and phosphorus to fatty acid were ascertained for combined cuts from the neutral lipids and the phospholipids. The presence of ergosterol, stigmasterol, and an unidentified sterol was established by gas chromatography. Also present were saturated hydrocarbons containing 16 to 39 carbon atoms, C22 being the most prevalent. and from several others 10.9 to 11.9%. Other studies show that the amount of fat produced depends not only on the organism but also on the composition of the culture medium, the pH, and the temperature (Deinema and Landheer, 1960) .
That many organisms, especially yeasts and fungi, are able to produce fatty substances has been well established. Studies have shown that variations in amount of lipids from different organisms range from 2.3 to 63%. With Saccharomyces cerevisiae, for instance, Hanahan, Dittmer, and Warashina (1957) obtained 10 to 11%; Letters (1962) , 6.4%; and Kahane, Kahane, and Crouzet (1959) , 2.30 to 7.72%. With several strains of Lipomyces starkeyi, Cullimore and Woodbine (1961) obtained from one strain 30.6% and from several others 10.9 to 11.9%. Other studies show that the amount of fat produced depends not only on the organism but also on the composition of the culture medium, the pH, and the temperature (Deinema and Landheer, 1960) .
In a previous study of Debaryomyces hansenii NRRL Y-1448, a pellicle-forming yeast, the nutritional requirements and optimal growth conditions were investigated (Merdinger and Shair, 1962) . The metabolic products ethyl alcohol, acetic acid, pyruvic acid, and both free and esterified sterols were isolated. The present study was initiated to determine the structure and the distribution of the fatty acids, to characterize the neutral lipids and phospholipids, and to separate and identify the sterols of D. hansenii.
MATERIALS AND METHODS
The reagents employed were of high purity or reagent grade, and all solvents were redistilled prior to use. The silicic acid, 100 mesh, was from Mallinckrodt.
Culture conditions. D. hansenii was grown in a medium consisting of Difco's malt extract (0.3%), yeast extract (0.3%), and glucose (5%), together with the salt mixture of Wickerham (1946) and 2% sodium chloride. After 5 days of shaking on a rotary shaker (240 rev/min and 21.4-inch thrust) at 27 C, the suspension was centrifuged, washed until free from chloride, and lyophilized.
Extraction of lipid from cells. Two samples of lyophilized cells (8.42 and 13.64 g), together with chloroform-methanol (2:1, v/v) at 150 ml/g, were agitated by a magnetic stirrer for 6 hr at 25 C. After filtration, the cells were transferred to thimbles, and lipid-free filter-paper discs were inserted at the top. The cells were refluxed in a Soxhlet assembly with the same solvent mixture for 3 hr. The extracts were combined, evaporated under reduced pressure to constant weight, and stored in the cold. The residual cells were not submitted to acid or alkaline hydrolysis for fuirther lipid extraction because this study was concerned primarily with the more readily extractable lipids.
Silicic acid column preparation for lipid separation. The preparation of the silicic acid column was carried out by the method of Hanahan et al. (1957) , with some modifications as indicated. The silicic acid was dried for 12 hr at 110 C and washed with successive portions of each of the eluents to be used in the chromatographic separation, hexane being the last solvent and the first eluent. The suspension of silicic acid and hexane (1:4, g/v) was transferred to a glass tube (20 by 250 mm) containing a sintered-glass base, and a glass wool plug was used as a support for the silicic acid. Nitrogen on November 13, 2017 by guest http://jb.asm.org/ Downloaded from pressure was not used for either packing or elution. In the elution with volatile solvents, a watercooled condenser was inserted on the column.
Separation of yeast lipids. The total lipid extract was transferred onto the column and eluted with the following series of solvents in the order given: n-hexane, 15% benzene in hexane (v/v), 5, 20, and 50% diethyl ether in hexane (v/v) , and finally pure diethyl ether. These solvents removed the neutral lipids but not the phospholipids. The elution of the latter was accomplished with solvents in the stated sequence: chloroform-methanol in v/v ratios of 4:1, 3:2, 1:4, and 2:1, followed by pure methanol. A total of 187 fractions were collected. The first 180 fractions contained 10 ml each, and, since the lipid in the column was almost completely eluted, the last 7 contained 50 ml each. The eluents were changed after fractions 13, 36, 66, 84, and 102 for the separation of the neutral lipids, and 145, 168, 179, and 184 for the phospholipids. A change in eluent effected after four subsequent cuts showed no residue after the evaporation of the solvent.
Analytical determinations. Various fractions were tested qualitatively and quantitatively before and after saponification as indicated below. Phosphorus and glycerol were determined by the microanalytical methods of Burmaster (1946) and Hanahan et al. (1957) , respectively. The intensity of the color in each case was measured spectrophotometrically at 475 m,u. Carbohydrates, amino acids, and sterols were determined by the Molish, ninhydrin, and Liebermann-Burchard tests in the order given. Acid numbers were determined by titration of fatty acids in alcoholic solution, and iodine numbers by the modified method of Trappe (1938) .
Saponification of lipids. For the determination of fatty acids and other saponifiable components, the lipids were saponified with 10% potassium hydroxide in 95% ethyl alcohol on a steam bath for 16 hr. The resulting mixture was diluted with water, and the acids were extracted with ethyl ether after acidification.
Gas-chromatographic analyses. For the gaschromatographic studies, the fatty acid mixture was esterified with methanol in the presence of hydrochloric acid. For the identification of fatty acid methyl esters, a Barber-Coleman (Rockford, Ill.) chromatograph with a thermal conductivity detector was employed. Conditions of the instrument were: injector temperature, 250 C; column temperature, 190 C; detector temperature, 300 C; the column, 16 ft by Y8 inch (488 by 0.95 cm), was packed with 10% diethylene glycol succinate polymer in Celite 545 (60 to 80 mesh); and helium flow was 180 ml/min. For the identification of the unsaponifiables (sterols and hydrocarbons), the Aerograph A-90-P unit with a flame ionization detector was used. With the latter, the injector and column temperatures were 230 and 170 C, respectively; the coltumn, 4 ft by Y8 inch (122 by 0.95 cm), was packed with Chromosorb W; and the nitrogen flow was 60 ml/min. Infrared analysis. Infrared spectra of the vari- portion, position, and amounts with those obtained with S. cerevisiae by Hanahan et al. (1957) and by Barron and Hanahan (1958 Tables 2 and 3 . Excellent reproducibility and recoveries, the absence of phosphorus in all fractions except in those obtained with chloroform-methanol mixtures, and the sharp separation of neutral lipids from the phospholipids, confirm the usefulness of the present procedure. It is of interest that the fraction obtained with chloroform-methanol (1:4, v/v) gave a positive ninhydrin test, as did the corresponding fraction from S. cerevisiae (Hanahan et al., 1957) .
Hexane-eluted compounds. The hexane-eluted fraction contained hydrocarbons, free fatty acids, and possibly alcohols. Hydrocarbons (other than those attributable to the eluent) containing as many as 39 carbon atoms were found (Fig. 2) Table 2 .
Distribution of unsaturation. All combined fractions were analyzed for unsaturated components by the modified method of Trappe (1938) . The degree of unsaturation appeared greatest in the initial cuts with each eluent and ranged higher in the neutral fats as compared with the phospholipid portion. The average iodine numbers are reported in Tables 2 and 3 .
Glycerol-fatty acid-phosphorus molar ratios. Samples of the 19 fractions were saponified to determine the amounts of glycerol, fatty acid, and phosphorus, as well as their respective molar ratios (Tables 2 and 3 ). The combined fractions 19-38 and 72-89 contained the esterified and free sterols, respectively, in addition to large amounts of unsaponifiables. In fractions 1-9 and 10-12, no sterols were found. The other fractions could not be tested because of lack of sufficient material. The molar ratios of fatty acids to glycerol in the neutral lipid fractions of 1, 2, and 3 (Table 2) indicate the presence of mono-, di-, and triglycerides; however, the molar ratio of 4 was probably due to fatty acids liberated from the esterified sterols by saponification. These findings are in agreement with those of Hanahan et al. (1957) . Although further investigations were not undertaken, the combined fractions in the TIME (MIN) FIG. 2. Gas chromatography on a Chromosorb W column at 230 C of the hydrocarbons from Debaryomyces hansenii. TIME (MIN) FIG. 3. Gas-liquid chromatography on an ethylene glycol succinate column at 190 C of the methyl esters of the fatty acids from Debaryomyces hansenii. Whole numbers refer to the methyl esters of n-saturated acids of the same carbon number. Number after the colon designates the number of double bonds in the component, and the peak labeled with a quiestion mark represents a fatty acid with an equivalent chain length of 17.55 (probably cyclopropanoic acid). Hanahan et al. (1957) with S. cerevisiae. The aqueous residue, after removal of the acids, gave a positive test for choline.
Gas-chromatographic analysis of fatty acids. Methyl esters of the fatty acids were gas-chromatographed, and their peaks were identified on the basis of their relative retention times as compared with standards (Fig. 3) . Additional confirmation of the unsaturation was afforded by infrared spectra. The fatty acids were 59.7% unsaturated (Table 4) Figure 4 shows a typical tracing of stigmasterol, ergosterol, and a third, unidentified, sterol.
Distribution of hydrocarbons. The combined fraction 1-9 (from hexane elution), which was free from sterols, was gas-chromatographed, and the peaks were identified on the basis of their relative retention times as compared with known standards. The hydrocarbons were saturated and normal in configuration.
The amount of lipid extracted from D. hansenii on a dry-weight basis was 10 to 11%, and is on the average in agreement with that found by Hanahan et al. (1957) , Letters (1962) , and Kahane et al. (1959) for S. cerevisiae, and that found by Cullimore and Woodbine (1961) in several strains of Lipomyces starkeyi. It also agrees with the amount of the readily extractable lipids found by Starkey (1946) in a soil yeast. Hydrolysis of the cell residue of D. hansenii was not carried through because, according to B6ttcher et al. (1959) , nonlipid material is removed by the ether extraction which follows the acid hydrolysis.
There is also agreement with regard to the composition of the lipid of D. hansenii and that of other yeasts reported by a number of earlier investigators. Bloor (1943) and Anderson (1939) reported the presence in yeast lipids of fatty acids, phospholipids, and sterols; Daubney and Smedley-MacLean (1927) reported palmitic, oleic, and linoleic acids. In addition, Anderson (1939) found unsaturated C16 and C18 acids. All of these lipid constituents were found in D. hansenii. The amount of phospholipids in D. hansenii (33%) is somewhat lower than that determined by Anderson (1939) in S. cerevisiae. The quantities of unsaponifiable material in S. cerevisiae reported by Kleinzeller (1948) and by Smedley-MacLean and Thomas (1920) compare closely with that found in D. hansenii, but the latter contains less sterols. These differences in amounts may be due to natural characteristics of each organism or to the different culture conditions.
With regard to the presence of hydrocarbons in D. hansenii, there is agreement with the findings of Hanahan et al. (1957) . According to Gunstone (1958) , hydroxy acids occur infrequently in fats, a fact which this study confirms.
